Functional classifications have been seen as a necessary tool for the simplification of floristic complexity in global vegetation models (Neilson et al. 1992; Prentice et al. 1992; Foley et al. 1996; Woodward and Cramer 1996) , for mapping vegetation patterns at key times in the past (Prentice and Webb 1998; Prentice et al. 2000) , and for monitoring effects of global change or management on vegetation distribution and ecosystem processes (Díaz et al. 2002a; Cruz et al. 2002) . Plant functional classifications were first designed by grouping plants a priori based on knowledge of their function, or based on observed correlations among their morphological, physiological, biochemical, reproductive or demographic characteristics (Woodward and Cramer 1996; Smith et al. 1997) . It was assumed that these classifications would allow to predict changes in ecosystem processes directly from projected changes in plant species composition in response to global change. This idea was challenged by the recognition that functional effect groups (species with a similar effect on one or several ecosystem functions; e.g., primary productivity, nutrient cycling, Gitay and Noble 1997; Walker et al. 1999 ) and functional response groups (groups of species with a similar response to a particular environmental factor; e.g., resource availability, disturbance or CO 2 ; Gitay and Noble 1997; Lavorel et al. 1997) do not necessarily coincide. Although there have been sustained efforts to refine plant functional type (PFT) concepts and terminology (Gitay and Noble 1997; Lavorel et al. 1997; Lavorel and Garnier 2002) , the search for a single, functionally comprehensive yet relatively parsimonious, plant functional classification has remained an elusive Holy Grail.
The Holy Grail requires to focus on functional traits of terrestrial vascular plants that (1) can together represent the key responses and effects of vegetation at various scales from ecosystems to landscapes, biomes, and continents; (2) are suitable for relatively easy, inexpensive and standardised measurement over the world; and (3) can hence be used to devise a satisfactory functional classification for global-scale modeling and mapping of the biosphere.
A large amount of research has been initiated on plant furnctional traits and PFTs since the early days of GCTE, where the Holy Grail was formulated largely by modellers. In this chapter we first summarise theoretical and empirical progress on the understanding of the response traits that are relevant to different aspects of environmental change. Recently numerous empirical studies have made considerable progress in elucidating how plant traits can be related to plant function in relation to main environmental constraints (see Sect. 13.2), and how these same traits are then relevant to the distribution of species along gradients of climate, nutrient availability, and disturbance. Additional theoretical (Ackerly 2003) and empirical (Ackerly 2004a) work has also analysed the role of phenotypic plasticity, ecological sorting and natural selection in determining present patterns of association between plant traits and environmental gradients. The correlational approach, which has formed the bulk of that research, has been quite successful in detecting significant associations between particular plant traits and environmental factors (reviewed in Sect. 13.3). Understanding how these traits may then influence biotic interactions, and eventually shape local vegetation through community assembly has however appeared to be a non-trivial scaling exercise, and we review current state of the art in Sect. 13.4. Likewise, scaling from individual plant traits that are affected by environmental changes to ecosystem effects has proved more challenging than initially anticipated because the traits that determine the response to specific environmental factors overlap directly, indirecly, or not at all with the traits that determine ecosystem functions such as biogeochemical cycling or flammability (Lavorel and Garnier 2002; reviewed in Sect. 13.5). Finally, we return to asking how these results have helped modellers working at larger scales, and what key challenges remain.
Individual Plant Structure and Function
Among all possible traits measurable on an individual plant, those of interest to global syntheses and modeling must fill four conditions: (i) bear some relationship to plant function; (ii) be relatively easy to observe and quick (Fig. 13.1) . At this stage, the interest lies in the role of these traits for main plant functions, while their role in ecosystem dynamics is not specified, and they may turn to be response and/or effect traits. Information on soft traits is available for large numbers of species from all types of vegetation (see Díaz et al. 2004; Wright et al. 2004) . Over the years, a consensus has been growing about which soft traits are best related to key plant functions such as resource economy or recruitment and how these then become response traits to climate and disturbances (Grime et al. 1997; Westoby et al. 2002; Cornelissen et al. 2003b) (Table 13 .1). Comparability of data and global coverage must be ensured by using standardised lists of traits, which are a consensus about which traits are critical for the ecological challenges ahead (Table 13 .1), and measuring them with standard methodologies (McIntyre et al. 1999; Díaz et al. 2002b; Cornelissen et al. 2003b ), now freely available (Cornelissen et al. 2003b 1 ) .
Plant functional traits are considered as reflecting adaptations to variation in the physical environment and trade-offs (ecophysiological and/or evolutionary) among different functions within a plant. Co-varying sets of traits have been associated to 'major axes of plant specialization', that are consistent across environments, biogeographic regions and major plant taxa (Grime 1977; Chapin et al. 1993; Díaz et al. 2004 ). More generally, the analysis of plant functional trait responses to environmental variation, and of their effects on ecosystem function has been guided by the recognition that plants are constrained for performing alternative functions simultaneously, such as resource capture and conservation (Grime 1979; Chapin et al. 1993; Poorter and Garnier 1999) , acquisition of several different resources (light and water, Smith and Huston 1989; light and nutrients, Tilman 1988), or growth and reproduction (Silvertown et al. 1993; Solbrig 1993) .
A synthesis of empirical and theoretical studies proposed that at least four axes of plant specialization should be considered (Westoby et al. 2002) . The first and best understood axis is represented by the specific leaf area (SLA) -leaf life span trade-off and is associated with turnover time of plant parts (including through herbivory), nutrient residence times and rate of response to favourable growth conditions. The global relevance of this axis was confirmed by an analysis across four floras from different biomes and biogeographic regions (Díaz et al. 2004 ). The second axis, representing the trade-off between fecundity and seed mass addresses establishment opportunities and success in the face of hazards, respectively. Seed mass and fecundity are negatively correlated, even after correcting for plant size. The third axis represented by potential plant height, carries several trade-offs and adaptive elements, and captures multiple constraints such as the density and height of shading competitors, water economy, and response to disturbance. The global relevance of plant height was confirmed by cross-continental analysis (Díaz et al. 2004 ). Finally, a fourth axis representing the coupled variation between twig size and leaf size determines the texture of canopies. Although a decrease in leaf size is common in dry, high light or cold conditions, the costs and benefits of small vs. large leaves remain to be formalized. Still, identifying an axis relevant to temperature variation, and especially response to extremes, stands as a challenge to ecophysiologists and ecologists.
However, the previous syntheses focused on aboveground traits, which are easily accessible. Recent studies have endeavoured to provide the same kind of information belowground, focusing on the functions of root traits, trade-offs among them, and how they relate to aboveground traits that could then be used as proxies for belowground function. Suites of correlated traits appear to also exist in roots, and represent a trade-off between root longevity and growth rate. Generally, low specific root length (SRL: ratio between root length and root biomass) is associated with thick, dense roots with low nitrogen and high lignin concentrations (Comas and Eissenstat 2004; Craine et al. 2002; Craine et al. 2003) , a syndrome usually found in slow growing species or plants grown in limiting conditions (Reich et al. 1998a; Ryser 1998; Comas et al. 2002; Comas and Eissenstat 2004) . Available data linking root morphology and plant functioning, and analogies to leaf traits suggest that this suite of traits reflects root longevity (Eissenstat 1991; Eissenstat 
